Objecttve: To detect and to quantify intrinsic positive end-expiratory pressure (PEEPi) during thoracic surgery in the dependent lung of patients intubated with a double-lumen endotracheal tube (DLT) in the lateral position. Methods: Twenty consecutive patients undergoing elective pulmonary resection were anesthetized, paralyzed, and intubated with a DLT. Their lungs were ventilated (Siemens Servo 900 C ventilator; Siemens Elevna; Solna, Sweden) with constant inspiratory flow. Fraction of inspired oxygen, tidal volume (10 mL/kg), frequency (10/min), and inspiratory time/total time (0.33) were kept constant during the study. PEEPi and ventilatory data were measured in the dependent lung in the supine then in the lateral position with a closed hemithorax. The obtained data were analyzed according to the presence (group PH) or absence (group N) of pulmonary hyperinflation determined from the preoperative pulmonary function data as higher than 120% of predicted value of functional residual capacity (FRC) and residual volume (RV). Data analysis: In the dependent lung of patients in group PH (n= 11), PEEPi was present in the supine (n=8) and in the lateral (n= 11) positions in the range of 1 to 10 cm H20. In group N (n=9), PEEPi was detected in one patient and only in the supine position. In the whole group of 20 patients, the preoperative value of FRC (% predicted) and RV (% predicted) was statistically significantly correlated to the presence of PEEPi, whereas the preoperative FEV1 (% predicted) was poorly related to PEEPi in both positions. There was no significant correlation between the value of PaCO2 and PEEPi during one-lung ventilation (OLV) but patients in group PH had a significantly higher PaCO2 during OLV than group N (p=0.012). Conclusions: In patients with chronic obstructive lung disease and pulmonary hyperinflation, PEEPi occurs commonly during the period of OLV and only occasionally in patients with normal lungs. As the ventilatory pattern, the size of DLT, and the side of surgery were similar in the two groups of patients, we conclude that the occurrence of PEEPi in our patients was influenced mainly by the preexisting pulmonary hyperinflation and airflow obstruction. (CHEST 1996; 110:180-84) 
PEEPi is influenced by the preoperative pulmonary function has not been previously studied. In several patients with subnormal pulmonary function (FEV1 80+15% of predicted, and FEVI/vital capacity 99±16% of predicted) operated for lung surgery, Larsson et al3 described persistent expiratory flow and increased (positive) alveolar pressure during the period of one-lung ventilation (OLV). In another study often patients during lung isolation, a mean PEEPi of4.9 cm H20 was found; however, the lung function of these patients was not specified.
Therefore, we undertook the present investigation in a group of patients undergoing lung surgery to evaluate whether PEEPi occurs in the dependent lung of these patients, and whether it is related to preoperative lung function.
METHODS AND MATERIALS
The investigation was approved by the Ethics Committee of our hospital and informed consent was obtained from 20 consecutive patients undergoing elective thoracotomy and requiring OLV. Pulmonary function testing was performed preoperatively in the sitting position and included spirometry and static lung volumes determined by plethysmography.5 For the purpose of this study, pulmonary hyperinflation was considered to be present when functional residual capacity (FRC) and residual volume (RV) were higher than 120% of the predicted value.6 From the 20 patients studied, 11 patients met the above criteria (group PH), the remaining 9 patients (group N) were regarded as normal subjects (Table 1) .
In all the patients, anesthesia was induced and maintained with a variable rate continuous infusion of propofol and inhalation of isoflurane. Three lead electrocardiogram, invasive radial arterial pressure, and arterial oxygen saturation were monitored continuously during the surgery. Pancuronium was used to facilitate endotracheal intubation and to ensure sustained and constant deep neuromuscular block during surgery. In all patients, the bronchus of the dependent lung was intubated with a double-lumen endotracheal tube (DLT) (Broncho-cath; Mallinckrodt Laboratories; Athlone, Ireland), with its correct position being ascertained in the usual manner (auscultation, alternate clamping for leak detection, and fiberoptic bronchoscopy). The patients' lungs were ventilated with 50% oxygen in air with a constant inspiratory flow ventilator (Siemens Servo 900 C; Siemens Elema; Solna, Sweden) at a constant tidal volume (VT) of 10 mL/kg and a ventilatory frequency of 10 breaths per minute. External PEEP was set to zero on the ventilator in all patients. Inspiratorytime was 33% oftotal cycle time and end-inspiratory pause was 10%. Ventilator settings were kept the same throughout the operation, including the period of OLV. The ventilator and the breathing system were inspected carefully for leaks.
To identify PEEPi, the expiratory hold function of the ventilator (Siemens) was activated, the expiratory scissors valves within the ventilator remaining closed at the end of the immediate ventilator cycle until the hold function was released. Occlusion was maintained until a plateau was reached in the airway pressure. The airway pressure curve was recorded with an ink recorder (Siemens) with a paper speed of 25 mm/s. End-expiratory occlusions were performed with the patients in the supine and lateral positions, while the tracheal lumen of the DLT was clamped and the dependent lung was ventilated. All measurements were performed before the surgical procedure.
Data are presented as mean (SD) . Differences between the two 
RESULTS
Demographic data and the results of the pulmonary function studies obtained preoperatively from the 20 patients are summarized in Table 1 . The patients were divided into two groups on the basis ofthe presence or absence of pulmonary hyperinflation. By definition, the 11 patients in group PH had significantly higher static lung volumes (FRC and RV % predicted); they had also significantly lower FEV1 (% predicted) values (Table 1) . From the 20 patients studied during the period of dependent lung ventilation, PEEPi was present in 9 patients in the supine, and in 11 patients in the lateral position (Fig 1) . All ofthese patients belonged to group PH, except one from group N in the supine position. There was a significant difference in the incidence of PEEPi between the two groups of patients both in the supine (p=0.008) and in the lateral (p=0.0001, MannWhitney U test) position. In the patients in group PH, the average PEEPi was 5.2 (2.9) cm H20 during the whole study period (Table 2 ). There were no significant differences in the incidence and the level of PEEPi between the supine and lateral positions in group PH. The one patient from group N had low (2 cm H20) level of PEEPi in the supine, but not in the lateral position. The pulmonary function of this patient did not differ from the mean of the group in any respect. PEEPi was not present in the other eight patients in group N, neither in the supine, nor in the lateral position. From the preoperative pulmonary function tests, the FRC (% predicted) (Fig 2) and RV (% predicted) were statistically significantly related to PEEPi (Table 3) . When FEV1 (% predicted) and PEEPi have been compared, poor negative correlation has been found ( Table 3 ).
In each group of patients, six right-sided thoracotomies were performed. The occurrence and magnitude of PEEPi could not be statistically related to the site of surgery (left or right) or the size of DLT inserted. Hemodynamic vaiiables (mean arterial blood pressure and heart rate) were stable in both group of patients (Table 2 ). There were no statistically significant differences in the preoperative room-air arterial blood gas values, in the intraoperative arterial oxygen tension, or in the P(A-a)02 between the two group of patients. However, patients in group PH had a significantly higher PaCO2 in the lateral position during OLV than group N (p=0.012) ( Table 2 ). There was no significant correlation between the value of PaCO2 and PEEPi (r=0.31). There were significant correlations between the PaCO2 during dependent lung ventilation and the values ofpreoperative FRC% (r=0.54, p=0.01) (Fig 3) , RV% (r=0.49, p=0.02), and FEV1 (% predicted) (r=-0.63, p=0.002).
DISCUSSION
In the present study, PEEPi was investigated with the end-expiratory occlusion method during thoracic In contrast, PEEPi was only present on one occasion in one patient with normal lung. We have also demonstrated that the preoperatively determined FRC (% predicted) and RV (% predicted) were useful to predict PEEPi during the period of dependent lung ventilation, and that the preoperative FEV, (% predicted) was poorly related to PEEPi.
Many patients scheduled for lung surgery have chronic obstructive lung disease and may have undetected PEEPi during anesthesia and mechanical ventilation. Our results confirm this assumption. Among the 20 patients we have studied, 11 had abnormally high preoperative lung volumes measured by body plethysmography and had PEEPi during mechanical ventilation of the dependent lung. The predicted values of FRC and RV were strongly and significantly correlated with PEEPi during OLV ( Table 3 ). The correlation coefficients between PEEPi and FRC (% predicted) were r=0.54 in the supine and r=0.61 in the lateral position. Among the preoperative function tests, FEV, is used widely as an index of airflow limitation and close relationship is established between FEV1 and PEEPi in seated, spontaneously breathing COPD patients.7 However, the mechanical characteristics of the respiratory system are different during maximal expiratory efforts and during mechanical ventilation of paralyzed patients, and this may explain the weak correlation of PEEPi and FEV, (r=-0.23 and -0.36, in the supine and lateral position, respectively) found in our study.5 Besides airflow limitation, PEEPi may be likely to occur during mechanical ventilation either because there is not enough time for lung deflation or because additional equipment (endotracheal tube, filters) interposed in the system increases expiratory resistance significantly.9 Endotracheal tubes in general may add substantially to the overall resistance during mechanical ventilation,10'1' to result in PEEPi even in patients with normal lungs'10"2 due to an expiratory retard effect.9 During anesthesia for lung surgery, DLTs are used routinely to separate the two lungs.'3 The increased resistance represented by the narrow bronchial lumen'4 during OLV should have increased the likelihood of PEEPi in the majority of the patients in our study. However, in patients with normal lung function, an almost total absence of PEEPi was observed. In contrast, PEEPi was recorded in the majority of patients with pulmonary hyperinflation.
During mechanical ventilation, the magnitude of PEEPi is also dependent on the amount of volume to be exhaled and the expiratory time determined by the frequency setting and the inspiratory to expiratory ratio. In the two groups of patients the same ventilatory pattern was administered with an inspiratory to expiratory ratio of 1:2 and a ventilatory rate of 10/min; therefore, the time for exhalation (3.4 s) was maximized. During anesthesia for thoracic surgery, 10 mL/kg VT is recommended to ventilate the dependent lung in the lateral position. 13"15 In patients with normal pulmonary function test and without pulmonary hyperinflation, this volume delivered to the dependent lung may be beneficial by increasing lung volume and preventing dependent lung atelectasis.' In patients with pulmonary hyperinflation, this VT is delivered to an already hyperinflated dependent lung and may cause overinflation and PEEPi. As alveolar vessels are compressed by the overdistended alveoli, then increased dead-space ventilation and increased arterial CO2 tension result and it may explain the significantly (p=0.012) higher PaCO2 values found in our patients with pulmonary hyperinflation. During anesthesia with mechanical ventilation, the presence of PEEPi and therefore increased alveolar pressure during exhalation might go undetected, because it is not reflected in the usual measurements of proximal airway pressure. The clinical importance of this PEEPi occurring duiing OLV for thoracic surgeiry, however, is not yet clearly established. Despite evidence in the literature, that increase in intrathoracic pressure can result in hemodynamic depression,16 in the circumstances of our study, PEEPi of as much as 11 cm H20 did not cause hypotension or other adverse effects. Whether altering the ventilatory pattern during OLV reduces the level of PEEPi, is a subject ofour ongoing study.
In conclusion, we demonstrated high occurrence of PEEPi during anesthesia for thoracic surgery in the dependent lung of patients with pulmonary hyperinflation as opposed to patients with normal pulmonary function. The presence of PEEPi was significantly correlated with the preoperative FRC (% predicted) and RV (% predicted) values. As the two group of patients were studied in identical conditions (DLT, position, VT, ventilatory setting), in the circumstances of our study, the presence of PEEPi was mainly determined by the preoperative mechanical characteristics of the respiratory system, and it could not be ascribed to the presence of an endobronchial tube or to the position of the patient.
